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Abstract

Background

Survival in hepatocellular carcinoma (HCC) is lower in the USA than in Taiwan. Little is
known about the extent to which differences in stage at diagnosis and treatment contribute
to this difference. We examined treatment patterns and survival in HCC and analyzed fac-
tors driving the difference.

Methods

Using a uniform methodology, we identified patients aged 66 years and older with newly
diagnosed HCC between 2004 and 2011 in the USA and Taiwan. We compared treatment
within 6 months after HCC diagnosis and 2-year stage-specific survival between the two
countries.

Results

Compared with patients in Taiwan (n = 32,987), patients in the USA (n = 7,003) were less
likely to be diagnosed as stage A (4% vs 8%) and Il (13% vs 22%), or receive cancer-
directed treatments (41% vs 58%; all p < .001). Stage-specific 2-year survival rates were
lower in the USA than in Taiwan (stage I1A: 57% vs 77%; stage IB: 38% vs 63%; stage II:
40% vs 57%, stage lll: 14% vs 18%; stage IV: 4% vs 5%, respectively; all p <.001 except p
=.018 for stage 1V). Differences in age and sex (combined), stage, and receipt of treatment
accounted for 3.8%, 17.0%, and 16.8% of the survival difference, respectively, leaving
62.5% unexplained.
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Conclusions

Differential stage at diagnosis and treatment were substantially associated with the survival
difference, but approximately two-thirds of the difference remained unexplained. Identifying
the main drivers of the difference could help improve HCC survival in the USA.

Introduction

Hepatocellular carcinoma (HCC), the most common primary malignancy of the liver, [1] is
one of the leading causes of cancer-related deaths, particularly in countries with high incidence
of HCC [2-5]. In the USA, the incidence of HCC has almost tripled since the 1980s, and HCC
is the fastest growing cause of cancer-related death [1, 6-8] HCC survival is worse in the USA
than in Taiwan [9, 10] From 1991 to 2005, less than 30% of HCC patients covered by Medicare
received any treatment for HCC although such treatment was likely to improve survival [11].
The difference in treatment may contribute the difference of HCC survival between the USA
and Taiwan. Despite substantial international variation in HCC incidence and mortality [4, 9,
12, 13] little is known about patterns of HCC treatment across countries.

Differences in stage at diagnosis might also impact survival considerably. Patients with early
stage HCC who receive surgical resections or transplantation can achieve a 90% of 5-year survival
[14]; in contrast, the 1-year survival rate for advanced HCC is only 12% [15]. In the USA, HCC
surveillance in clinical practice is underused because no standardized HCC screening/prevention
program exists [16]. In contrast, Taiwan launched a nationwide hepatitis B vaccination program
in 1984 and free HCC screening projects in high-risk groups in 1994 [17]. Hence, the prevention
and early detection programs may lead to a better HCC survival rate in Taiwan. It is unclear
whether HCC stage-specific survival in Taiwan differs from that in the USA.

Accordingly, we analyzed patients in similar databases from the USA and Taiwan and
applied a uniform methodology to compare treatment patterns and survival between the two
countries. We examined the extent to which stage distribution and treatment patterns may
explain the survival differences between the USA and Taiwan. Our findings could provide
important insights for managing HCC.

Materials and methods
Sources of data

We established population-based cohorts from multiple large-scale databases in the USA and
Taiwan. We used the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked
database to establish the USA cohort. The SEER Program collects and publishes cancer inci-
dence and survival data from population-based cancer registries, which cover approximately
30% of the USA population [18]. The Medicare program is the primary source of healthcare
insurance for Americans above the age of 65. All incident cancer patients reported to tumor
registries were cross-matched with a master file of Medicare enrollment. For the linkages, 93%
of persons age 65 and older in the SEER files were matched to the Medicare enrollment file
[19]. Other investigators have described the process for matching persons in the SEER data
with their Medicare records [20]. The Yale Human Investigation Committee determined that
this study did not directly involve human subjects.

We retrieved data on Taiwanese HCC patients from linking the Taiwan Cancer Registry
database [21], Taiwan Mortality Registry, and Taiwan’s National Health Insurance Research
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Database [22, 23]. Major providers of cancer care in Taiwan with more than 50 beds are obli-
gated to submit data to the Taiwan Cancer Registry database, which covered 98.4% of new can-
cer cases in 2012 [24]. The National Health Insurance system in Taiwan now covers 99.6% of
Taiwan’s population, and 93% of the country’s hospitals and clinics are contracted with
National Health Insurance. Personal identifiers were encrypted to comply with personal elec-
tronic data privacy regulations, and all data were analyzed anonymously in the Health and
Welfare Data Science Center. This study was approved by the Institute Research Ethical Com-
mittee of the National Cheng-Kung University Hospital (IRB number: A-ER-103-203).

Creation of HCC cohorts

We created the cohort from the USA and Taiwan using the same methodology. The cohorts
included patients aged 66 and older with HCC diagnosed between Jan 2004 and Dec 2011 and
who had follow-up through the end of 2013. Variables on patient characteristics, primary
treatment performed within 6 months after the HCC diagnosis, and survival status were coded
in the same ways for both cohorts. We required one-year claims data to assess comorbidities.
The two cohorts were not linked, in accordance with data use requirements.

Outcomes of interest

The primary outcomes were treatment patterns and survival rates. We used five categories to
classify treatment: [25] 1) transplantation or resection, including surgical procedures provid-
ing chances for potential cure [26], 2) local ablation therapy including radiofrequency ablation
or percutaneous ethanol tumor injection [27] 3) trans-arterial chemoembolization (TACE)
[28], 4) chemotherapy [29], and 5) no treatment (none of the preceding treatments). The vital
statistics reported in each data set included overall survival. We then calculated stage-specific
1-year and 2-year all-cause survival for both cohorts. Based on the age and sex composition in
the 2010 USA Census [30], we also calculated age- and sex-standardized stage-specific survival
rates for both cohorts.

Patient demographic characteristics and clinical conditions

Patient demographic characteristics included age at diagnosis, race, gender, and marital status.
We used the system of American Joint Committee on Cancer, 6™ edition to stage each
patient’s HCC at diagnosis. Stage I was further stratified as IA (tumor size <2-cm) and IB (oth-
erwise). We coded relevant clinical conditions based on the International Classification of Dis-
eases, 9™ Revision (ICD-9) [31]. We used Elixhauser comorbidity for assessing comorbidities,
capturing the top 3 diagnoses at clinical visits and the top 5 diagnoses at hospitalizations [32].
Based on one inpatient diagnosis ICD-9 code or two outpatient diagnosis ICD-9 codes occur-
ring between 12 months before and 12 months after HCC diagnosis, we identified risk factors
tfor HCC for each patient, including hepatitis B virus infection, hepatitis C virus infection, alco-
holic related liver disease, and liver cirrhosis.

Statistical analysis

We used chi-square tests to compare patient characteristics between the cohorts. For each
cohort, we analyzed treatment patterns, overall and stratified by stage, and conducted survival
analyses with the Kaplan-Meier method, stratified by both stage and treatment received. We
used a series of models to estimate HCC survival rates in the USA to determine the relative
contributions of demographics, stage at diagnosis, and treatment to the difference in HCC sur-
vival rates between the USA and Taiwan cohorts. First, we calculated the observed difference
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in overall 2-year survival between the USA and Taiwan. Second, we calculated the difference
in age- and sex-standardized survival, which removes any effect of these demographic factors
on survival. Third, we calculated the age- and sex-standardized survival difference assuming
that the USA cohort had a stage distribution identical to that in Taiwan. This reduction in the
survival difference represented the improvement in survival from screening. Finally, we
assumed that the treatment patterns in the USA were identical to those in Taiwan. The result-
ing reduction in survival difference indicated the improvement attributable to differences in
treatment.

Results

We identified a total of 7,003 patients in the USA and 32,987 patients in Taiwan with HCC.
Table 1 summarizes the characteristics of the two cohorts. HCC patients in the USA tended to
be older than their counterparts in Taiwan. Males predominated in both cohorts, with a male
to female ratio of about 2:1. Patients in the USA, compared to those in Taiwan, were more
likely to have advanced disease and larger tumors at diagnosis. Comorbid conditions, chronic
hepatitis C infection, alcoholic-related liver disease, and cirrhosis were more common in the
USA cohort than the Taiwan cohort (all p-values < .001). There was no significant difference
in chronic hepatitis B infection between the two cohorts (p-value = .13).

Treatment patterns

Treatment patterns differed substantially between the USA and Taiwan (Table 2). Patients in
the USA were significantly more likely to have received no treatment than those in Taiwan
(59% vs. 42%). Similarly, patients in the USA were less likely than patients in Taiwan to have
had particular treatments, including surgery (9% vs. 15%), local ablation therapy (8% vs. 11%),
and TACE or chemotherapy (25% vs. 32%) (all p-values < .001). Patients with earlier stages of
HCC (IA, IB, or II) in the USA were less likely to undergo potentially curative treatments (sur-
gery or local ablation) than those in Taiwan. Across all stages, patients in the USA were also
less likely to undergo TACE. In contrast, patients in the USA were more likely to receive
chemotherapy.

Survival outcomes

Patients with HCC in the USA had lower survival rates than those in Taiwan. The 1-year and
2-year overall survival rates were 36.8% and 23.7% in the USA, respectively, compared to
55.9% and 42.3% in Taiwan, respectively (Table 3, all p-values < .001). We also found signifi-
cantly lower 2-year survival rates in the USA than those in Taiwan across all cancer stages. We
observed similar trends in liver disease-specific survival (S1 Table). The results were similar
after adjusting for age and sex: patients in the USA had higher age- and sex-standardized all-
cause mortality rates than patients in Taiwan across all cancer stages (S2 Table).

Fig 1 shows stage-specific survival rates. Compared to patients who did not receive any
treatment, patients who received treatment had better survival, both in the USA and Taiwan.
The treatment-specific survival rates for US patients with stage IA, IB, II, and stage unknown
HCC were worse than that for their Taiwan counterparts. For example, in patients with stage
II HCC, the 2-year survival rates in the USA were 50.0% (95% confidence interval [CI] 46.0—
53.9%) for treated patients and 20.1% (95% CI 15.9-24.7%) for untreated patients, whereas in
Taiwan these rates were 64.8% (95% CI 63.5-66.1%) and 35.4% (95% CI 33.2-37.6%) for
treated and untreated patients, respectively. However, there was no significant difference
between countries for patients with stage III/IV HCC. In patients with stage IV HCC, the
2-year survival rates in the USA were 11.5% (95% confidence interval [CI] 7.2-16.9%) for
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Table 1. Demographic and clinicopathological characteristics of patients with hepatocellular carcinoma between the USA and Taiwan.

USA (n =7003) Taiwan (n = 32987)
No. (%) No. (%) p value
Age Range, y
66-69 1,521 (22) 8,411 (26) <.001
70-74 1,885 (27) 9,970 (30)
75-79 1,688 (24) 7,872 (24)
80-84 1,204 (17) 4,596 (14)
85+ 7,05 (10) 2,138 (7)
Race
White 5,008 (72) —
Black 578 (8) —
Other 1,417 (20) 32,987 (100)
Sex
Female 2,382 (34) 12,203 (37) <.001
Male 4,621 (66) 20,784 (63)
Stage
1A 243 (4) 2,659 (8) <.001
1B 1,957 (28) 7,541 (23)
I 929 (13) 7,137 (22)
111 1,378 (20) 9,382 (28)
v 1,009 (14) 2,776 (8)
Unknown 1,487 (21) 3,492 (11)
Tumor Size Range
<2cm 468 (7) 4,630 (14) < .001
2-5cm 1,967 (28) 12,080 (37)
5-10 cm 1,858 (27) 7,935 (24)
> 10 cm 937 (13) 3,722 (11)
Other/Unknown 1,773 (25) 4,620 (14)
Elixhauser Comorbidity
None 854 (12) 5,401 (16) < .001
1to2 2,698 (39) 17,523 (53)
3 or more 3,451 (49) 10,063 (31)
Hepatitis B
Yes 673 (10) 3,367 (10) 13
No 6,330 (90) 29,620 (90)
Hepatitis C
Yes 1,946 (28) 5462 (17) < .001
No 5,057 (72) 27,525 (83)
Alcoholic-Related Liver Disease
Yes 1,085 (16) 286 (1) <.001
No 5,918 (85) 32,701 (99)
Cirrhosis
Yes 3783 (54) 6739 (20) <.001
No 3220 (46) 26248 (80)

https://doi.org/10.1371/journal.pone.0240542.t1001

treated patients and 1.9% (95% CI 1.1-3.0%) for untreated patients, which were similar to the
12.8% (95% CI 10.3-15.6%) and 3.1 (95% CI 2.4-3.9%) survival rates in treated and untreated
patients, respectively, in Taiwan.
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Table 2. Primary treatment for patients with HCC during the first 6 months by cancer stages in USA and Taiwan.

Transplant or Resection

No. (%)
Stage USA Taiwan
Overall 656 (9) 49,73 (15)
IA 36 (15) 482 (18)
IB 291 (15)* 1,938 (26)*
II 164 (18) 1,356 (19)
111 126 (9) 855 (9)
v 11 (1)* 66 (2)*
Unknown 28 (2)* 276 (8)*

*: Cells were collapsed due to low counts.

RFA or PEI TA(C)E Chemotherapy No Treatment
No. (%) No. (%) No. (%) No. (%)

USA Taiwan USA Taiwan USA Taiwan USA Taiwan
520 (8) 3,522 (11) 1,548 (22) 10,266 (31) 170 (2) 301 (1) 4,109 (59) 13,925 (42)
66 (27)* 898 (34)* 49 (20) 653 (25)" 0 (0) f 92 (38)* 626 (24)*

242 (12)* 1,313 (17)* 516 (26)° 2,374 (32)* 33 (2)*F 23 (0)* 875 (45)* 1,893 (25)*
112 (12) 897 (13) 330 (36)™* 3,022 (42)* T 16 (0)* 323 (35)* 1,846 (26)*

28 (2) 132(1) 357 (26)* 2,941 (31)* 40 (3)* 144 (2)* 827 (60)* 5,310 (57)*

14 (1) 29 (1) 88 (9)* 425 (15)* 52 (5)* 90 (3)* 844 (84)* 2,166 (78)*
58 (4)* 253 (7)* 208 (14)* 851 (24)* 45 (3)* 28 (1)* 1,148 (77)* 2,084 (60)*

*: Denotes a subset of nation categories whose column proportions differ significantly from each other at the .05 level tested by Bonferroni correction method. Overall,

there were significant differences of proportions of each treatment between USA and Taiwan by stage (p < .001).

RFA: Radiofrequency ablation, PEI: Percutaneous ethanol injection, TA(C)E: Transarterial (chemo) embolization.

https://doi.org/10.1371/journal.pone.0240542.t1002

Drivers of the difference in the 2-year survival between the USA and
Taiwan

Stage at diagnosis and treatment distributions could explain part of the differences of the sur-
vival rates between the USA and Taiwan (Fig 2). The difference in 2-year survival between the
USA and Taiwan decreased from 18.6% to 17.9% after age and sex standardization, suggesting
that age and sex could explain 3.8% (0.7% divided by 18.6%) of the difference. The survival dif-
ference decreased to 14.7% after also adjusting for stage at diagnosis, indicating that early diag-
nosis in Taiwan could explain an additional 17.0% of the difference. If the proportion of
untreated patients in the USA decreased to levels identical to Taiwan, the difference in survival
could be further reduced to 11.6%, indicating that receipt of treatment could contribute to a
further 16.8% of the difference. Approximately 62.5% of the difference could not be explained
after accounting for age, sex, stage at diagnosis, and receipt of treatment.

Discussion

To our knowledge, our investigation is the first international population-based study of treat-
ment patterns and survival outcomes for patients with HCC. We found that treatment patterns
differed substantially between the USA and Taiwan. Notably, patients with HCC in the USA
were less likely to receive treatment within six months after diagnosis across different stage

Table 3. Survival probabilities, overall and stratified by stages, USA and Taiwan.

1-Year 2-Year
Stage USA Taiwan USA Taiwan
Survival probability, % (Standard error)
Overall 36.8 (0.6) 55.9 (0.3) 23.7 (0.5) 423(0.3)
IA 71.2 (2.9) 88.6 (0.6) 57.2(3.2) 76.9 (0.8)
IB 53.3 (1.1) 77.5(0.5) 38.1(1.1) 62.5 (0.6)
1I 58.3 (1.6) 75.4(0.5) 39.6 (1.6) 57.2(0.6)
111 27.4(1.2) 29.3(0.5) 14.2 (0.9) 17.8 (0.4)
v 9.4 (0.9) 12.0 (0.6) 3.5 (0.6) 5.2 (0.4)
Unknown 23.5(1.1) 51.1(0.8) 11.7 (0.8) 36.8 (0.8)

https://doi.org/10.1371/journal.pone.0240542.t1003
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Fig 1. Taiwan, stratified by stage at diagnosis and treatment (Tx) received. Overall survival in USA vs. Comparisons of the overall survival for the patients with
hepatocellular carcinoma (HCC) stratified by stages and receiving any versus no treatment in USA and Taiwan, including those with unknown stage. Patients with “any
treatment” generally had better survival compared with those not receiving treatment. Both of survival rates of patients receiving and not receiving treatment in USA
were usually inferior to those in Taiwan for patients of stages IA, IB and stage II HCC. However, there was no statistically significant difference in patients of the stages

Il and IV HCC.
https://doi.org/10.1371/journal.pone.0240542.9001

subgroups. Using a series of sequential models, we demonstrated that age, sex, stage at diagno-
sis, and receipt of treatment together explained 33.8% of the difference in 2-year survival
between the USA and Taiwan.

Given the absence of universally accepted guidelines for HCC management, variation in
treatment strategies between the USA and Taiwan is expected. However, it is concerning that
relatively few patients with early-stage HCC in the USA received transplantation or surgical
resection, which have potential to cure the disease [14]. In prior research, patients receiving
curative treatments (resection and transplantation) had better survival compared to those
undergoing ablation or palliative treatments [33-35]. Encouraging curative treatment for eligi-
ble, early-stage HCC patients might improve health outcomes substantially [36]. Additionally,
patients with advanced HCC in the USA, compared to those in Taiwan, were more likely to
receive chemotherapy, but less likely to receive TACE. Therefore, future comparative effective-
ness research examining the benefits and harms of different types of HCC treatment would be
useful.

Our results build on prior research and have important clinical and policy implications.
First, the difference between countries in the proportion of patients receiving any treatment
was associated with the difference in survival. In another study, the 5-year survival rate for
patients with HCC was 15.2% in the USA and 22.2% in Taiwan without adjusting for receipt of
treatment [9]. Our study demonstrated that receipt of treatment explained 16.8% of the
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Fig 2. Difference in 2-year survival between USA and Taiwan explained by demographics, stage distribution, and
treatment patterns. Comparison of the 2-year survival for the hepatocellular carcinoma (HCC) patients between USA and
Taiwan. The age, sex, cancer stage and treatment options were used as parameters for adjustments to delineate the possible
mechanism explaining the difference in survival rates between the USA and Taiwan. The unadjusted 2-year survival differed
by 18.6% between the USA and Taiwan (the leftmost panel). Age and gender can explain 3.8% of the difference (0.7% divided
by 18.6%; the second panel from the left). Stage distributions can further explain 17.0% difference (3.2% divided by 18.6%; the
third panel), indicating that early detection through screening is critical. Receiving treatment or not can further explain
16.8%. There is still a 62.5% difference unexplained (11.6% divided by 18.6%; the fourth panel), which deserves further
research. *: Assuming the USA had the identical, stage-specific proportions of patients receiving any treatment as Taiwan.

https://doi.org/10.1371/journal.pone.0240542.9002

difference in the survival rates. As lack of HCC treatment was associated with poor HCC sur-
vival in the USA, it is important to identify and address barriers to treatment in the USA.

Second, differences in stage at diagnosis contributed to 17% of the USA-Taiwan survival
difference, highlighting the benefits of early diagnosis of HCC. Surveillance of at-risk popula-
tions facilitates early cancer detection and could improve outcomes [37, 38]. Although the
American Association for the Study of Liver Disease and National Comprehensive Cancer
Network recommend a surveillance program with 6-month intervals for patients with liver cir-
rhosis [39], only 20% of such patients in the USA received regular surveillance prior to a diag-
nosis of HCC [16, 40, 41]. In contrast, the Taiwanese government has implemented screening
programs, and patients with cirrhosis can visit a hepatologist/gastroenterologist without a
referral. Our results showed that patients in the USA tended to be diagnosed with larger
tumors and at later stages than in Taiwan, highlighting the need for consistent HCC surveil-
lance in the USA [11, 42].

Third, our results showed that factors other than treatment and stage at diagnosis drive
62.5% of the survival difference. Possibilities include other clinical factors, such as etiology of
HCC, comorbidities, and liver functions, which could have great impact on HCC survival.
Compared to those in Taiwan, HCC patients in the USA were more likely to have hepatitis C,
alcoholic related liver disease, and cirrhosis, which not only are risk factors for HCC but also
may be associated with poor HCC survival. In a population-based study of French residents,
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liver cirrhosis did not affect 1-, 3-, and 5-year survival among patients with HCC [43].
Research exploring the role of etiology and cirrhosis on HCC survival difference between the
USA and Taiwan is needed. Additionally, survival difference in patients with early-stage HCC
in USA vs Taiwan is substantial. Potential explanations include differences in etiology of dis-
ease and comorbidity between the two countries, which can have great impact on survival.
Furthermore, health care after initial treatments, such as follow-up surveillance to detect HCC
recurrence, treatments for recurrence, and supportive care, may differ between the two coun-
tries, which may influence survival. For example, co-payment for health care in the USA may
be burdensome even though our USA cohort had Medicare coverage. In contrast, patients
with cancer in Taiwan can register as suffering from a catastrophic illness and be waived from
all co-payments. Hence, post-treatment surveillance and supportive care may be better in Tai-
wan than in the USA. The continuum of HCC management may also explain the better treat-
ment- and stage-specific survival in early-stage patients in Taiwan than in the USA. Optimal
management across the care continuum may improve HCC outcomes in the USA.

Our study has several limitations. Our samples were limited to older individuals and thus
our results cannot be generalized to younger patients. Also, samples derived from the SEER-
Medicare linked database might not be representative of older patients with HCC in the USA
[44], while the cohort in Taiwan’s database are nationally representative of the older popula-
tion. In addition, both data sets lack information on other factors that impact long-term sur-
vival, such as liver function, degree of portal hypertension, a-fetoprotein and other biological
markers, and performance status. Patients in the USA were more likely to have comorbidities
and liver cirrhosis than those in Taiwan, which may have impacted survival. Furthermore,
referral patterns [45] and surgeon specialty [46] might have influenced the HCC therapy
patients chose, leading to differences in survival. Finally, because the restrictions of data use
agreement, we are not allowed to combine Taiwan’s and USA’s data. We are unable to apply
regression models or other statistical methods to directly compare patients in USA vs. Taiwan.

Conclusions

For older patients with HCC, survival is lower in the USA than in Taiwan. Stage at diagnosis
and receipt of treatment differed substantially between the USA and Taiwan. These differences
in early diagnosis and treatment contributed to significant survival differences between the
two countries. Future research identifying other drivers of the difference in mortality between
the two countries could improve HCC survival in the USA.
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